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ABSTRACT:
Red-backed Salamanders (Plethodon cinereus) are widely used as a biological indicator of terrestrial ecosystem 
health in North America due to their large range, potentially high biomass and large influence on ecosystem regulation. 
Monitoring projects often overlook the potential influence of intraspecific interactions and how Red-backed Salamander 
(RBS) abundance and demographics can be affected by symbiotic relationships. The adult to juvenile ratio was explored 
in relation to presence of ants, tunneling, number of small and large burrows. It was found that between 2011-2015 
there was a significant increase in small and large burrows. It was found that ants, small burrows and large burrows 
were significantly related to both maximum salamander counts and adult-juvenile ratios. The relationship between 
both abundance and demographics with ants showed a negative relationship, while small and large burrows had a 
positive relationship. Tunneling was found to have no statistical significance (Table 1, Table 2). These results highlight the 
importance of considering biotic interactions when analyzing indicator species populations. Future steps should include 
determining how both biotic and abiotic properties interact to influence RBS populations and determining what type of 
interspecific interactions are occurring under cover boards via controlled experiments. 
Les salamandres cendrées (Plethodon cinereus) sont largement utilisées comme des indicateurs biologiques de la santé 
des écosystèmes terrestres en Amérique du Nord, en raison de leur portée vaste, de leur biomasse potentiellement 
élevée et de leur influence importante au niveau de la régulation des écosystèmes. Les projets de surveillance négligent 
souvent l’influence potentielle des interactions intraspécifiques, ainsi que la façon dont les relations symbiotiques 
peuvent affecter l’abondance et la démographie de la salamandre cendrée (SC). L’abondance de la SC et le rapport 
entre le nombre d’adultes et de jeunes ont été explorés en relation avec la présence de fourmis, de leurs tunnels et 
du nombre de petits et grands terriers. On a déterminé qu’entre 2011 et 2015, il y a eu une augmentation importante 
du nombre de petits et grands terriers et que la présence de fourmis, de petits et grands terriers était fortement liée au 
nombre maximal de salamandres et aux rapports adultes-jeunes. Les rapports trouvés entre la présence de fourmis, 
l’abondance de la SC et la démographie de l’espèce ont présenté une corrélation négative, alors que la présence de 
petits et grands terriers a présenté une corrélation positive. L’excavation des tunnels n’avait pas d’importance statistique 
(Tableau 1, tableau 2). Ces résultats soulignent l’importance de considérer les interactions biotiques lors de l’analyse des 
populations d’espèces indicatrices. Les prochaines étapes devraient inclure l’identification de la façon dont les propriétés 
biotiques et abiotiques interagissent pour influencer les populations de la SC et de déterminer quels types d’interactions 
interspécifiques se produisent sous le couvert des expériences contrôlées.
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INTRODUCTION
The rapid urbanization of Ontario beginning in 
the 1960’s resulted in over 86% of the provinces 
population living in urban cores, creating a multi-
decade landscape transition (Statistics Canada, 
2011). The transition population resulted in an area 
which was once densely covered in Sugar Maple 
deciduous forest to be left with sparse natural 
patches that are heavily impacted by surrounding 
anthropogenic influences (Jaeger, 2000). These 
changes have resulted in natural areas becoming 
highly vulnerable to disease, pests, stochastic events 
and degradation in ecosystem health (Credit Valley 
Conservation, 2010). As a result of these drastic 
changes, a key goal in urban ecology has been to 
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understand community interactions and determinants 
of community health under stressed conditions, as 
well as to monitor, conserve and restore natural areas 
to create self-sustaining ecosystems (Society for 
Ecological Restoration, Science and Policy Working 
Group, 2004).
Within Southern Ontario forests, Plethodontid 
Salamanders account for large amounts of biomass 
in terrestrial ecosystems thus, changes in their 
abundance can be interpreted as an important indicator 
for change in food web dynamics or in the structure 
of the abiotic environment (Welsch Jr. & Droege, 
2001). The plethodontid, or lungless, salamander 
Plethodon cinereus (Red-Backed Salamander) is 
a common species in Southern Ontario’s terrestrial 
forest ecosystems, being found in densities ranging 
from 0.2 to 8.2 per m2 (Hocking and Babbitt, 2014). 
RBS are ideal for monitoring woodlot health because 
they have home range radii of approximately 1km 
and have fairly stable population dynamics (Zorn, 
Blaseski and Craig, 2004). Due to their relatively 
long life span (extending past 10 years), high rates 
of survivorship and low rates of reproduction, large 
and stable populations are created under average 
conditions (Zorn, Blaseski and Craig, 2004). 
The RBS’s terrestrial-obligate life cycle and need 
for moist environments, as well as their sensitivity to 
microclimate and air quality, results in a large range of 
potential habitat with variation in local environmental 
abiotic components that can be measured by their 
population abundance and demography (Ministry of 
Natural Resources and Forestry, 2012). RBS also play 
an important role in their local ecosystem through the 
consumption of ants, mites, earthworms, spiders and 
other organisms, acting as ecosystem engineers and 
litter decomposers (Hocking and Babbitt, 2014). This 
influence is projected through trophic levels, altering 
decomposition rates and net primary production, 
which are integral components in determining soil 
composition and ultimately dictating the composition 
of vegetation communities (Welsch Jr. & Droege, 
2001). A significant change in RBS abundance or 
demography could therefore be interpreted as an 
early warning indicator that an ecosystem process 
has been altered or an environmental stressor is 
changing community dynamics. 
In previous research, symbiotic relationships have 
been examined only in the context of RBS behavioral 
and physiological responses to hormonal cues and 
individual direct interactions (Burgett & Smith, 2012; 
Hickerson et al., 2004) but have not been examined 
on the overall potential effects on RBS abundance 
and demography. This research addresses the 
following questions: 
1. Do biotic environmental properties such as % ants, 
% tunneling, small burrows, and large burrows 
associated with artificial cover objects vary over 
time in forests within the Credit River watershed?
2. How do the biotic environmental properties of 
artificial cover objects relate to the maximum 
abundance and adult-juvenile ratio of Red-backed 
Salamander (Plethodon cinereus) in forests within 
the Credit River watershed?
MATERIALS AND METHODS
Data was collected as a part of the Credit Valley 
Conservation’s Integrated Watershed Monitoring 
Plan in Southern Ontario, Canada. Based on 
recommendations made by the Ontario Ministry of 
Natural Resources, modified cover boards were 
assembled according to guidelines provided by 
Sugar et al. (2001) (Figure 1). Boards were numbered 
from one to forty with an etching tool and left out to 
weather for one year before they were transported to 
monitoring locations. 
Boards were set-up in a grid formation at each of the 
fifteen selected forest sites, with ten boards per line 
and five metre spacing between the boards (Figure 
2). The grids were established an area that would 
be most suitable as salamander habitat (i.e. moist 
lowland areas with deep soils and downed wood 
present) (Petranka, 1998).
Boards at each of the 15 sites were sampled 3-4 times 
yearly between April and June from 2011 to 2015. 
The following measurements were collected for each 
of the 40 boards per site: the total number of Red-
backed Salamanders found under and in a board, the 
age of salamanders classified by size, the percent 
of tunneling found under each board, the percent of 
the bottom of the board covered by ants, the number 
of small burrows found under each board and the 
number of large burrows found under each board. For 
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each of these categories the highest observed value 
per year (of the 3-4 visits) was utilized in analysis to 
manage high numbers of 0 values.
Percentage ant values were normalized using a 
logarithmic transformation and were then inserted 
into a linear mixed effects model, considering the 
of year (R Core Team, 2013). This same process was 
repeated for percent tunneling data. Count data for 
small burrows was increased by one to counter the 
large number of null values in the original data set and 
were then inserted into a Poisson-distributed general 
linear mixed model using maximum likelihood testing, 
again, considering the random effect of board and 
was repeated using large burrows count data.  
Mallows Cp was used to test the relationship between 
salamander abundance and biotic attributes (e.g. 
ant abundance, tunneling and burrow abundance) 
to determine the best combination of variables to 
to perform a multiple linear regression model which 
takes into the account the random effect of year, site 
and board.  These analyses were run using Statistica 
statistical software and using a p-value of 0.05.
RESULTS
When analyzing change in ants it was found that 
(t(2399)=-0.459, p=0.646, R2 = 0.25, Figure 3). 
When analyzing changing in tunneling it was found 
presence (t(2399)=-1.554, p=0.120, R2=0.22, Figure 
4). 
When analyzing change in the number of small 
burrows it was found that there was a marginally 
showing an increase over time (Z(2996)=39.23, 
p<0.01, Figure 5). 
When analyzing the change in the number of large 
Figure 1: 
Salamander Monitoring .
Figure 2:
a forest monitoring site.
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Figure 3: Average Proportion of Ants per Board per Site 
from 2011-2015.
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burrows it was found that there was a marginally 
significant effect of year on large burrows presence 
showing an increase over time (Z(2995)=2.561, 
p=0.01, Figure 6). 
A best subsets analysis was used to determine the 
combination of variables which explained the most 
significant proportion of variation within the maximum 
salamander count variable. Ants, tunneling, small 
burrows and large burrows were analyzed resulting in 
ants, small burrows and large burrows resulting in the 
lowest Mallows Cp of 3.4, therefore most accurately 
explaining the variation in salamander population 
(Table 1). When looking at the same set of variables 
in terms of salamander adult-juvenile ratio the same 
variables were found to most accurately explain 
variation with a Mallows Cp of 3.1 (Table 2).
Variables R2 Mallows Cp Tunneling Ants
Small 
burrows
Largel 
burrows
1 0.9 9.8 X
1 0.2 32.2 X
2 1.1 6.5 X X
2 1.1 7.1 X X
3 1.3 3.4 X X X
3 1.1 7.9 X X X
4 1.3 5.0 X X X X
Variables R2 Mallows Cp Tunneling Ants
Small 
burrows
Largel 
burrows
1 2.7 57.4 X
1 1.6 89.8 X
2 4.1 13.6 X X
2 3.0 48.7 X X
3 4.5 3.1 X X X
3 4.1 15.6 X X X
4 4.5 5.0 X X X X
Based on the results of the best subset analysis 
a multiple linear regression was used to regress 
ants, small burrows and large burrows onto both 
maximum salamander count and adult-juvenile 
ratio. The multiple linear regression on maximum 
salamander count resulted in a significant correlation 
with the presence of ants relating to a decrease in 
maximum salamander count and burrows relating to 
an increase in maximum salamander count (Table 
3). This equation resulted in a R-squared of 1.27%. 
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Figure 4: Average Proportion of Tunneling per Board per 
Site from 2011-2015.
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Figure 5: Average Number of Small Burrows per Board 
per Site from 2011-2015.
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Figure 6: Average Number of Large Burrows per Board 
per Site from 2011-2015.
Table 1: Best Subsets Analysis of Maximum 
Salamander Abundance and Biotic Variables.
Table 2: Best Subsets Analysis of Adult-juvenile Ratio 
and Biotic Variables.
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The multiple linear regression on adult juvenile ratio 
revealed the same trends with an R-squared of 4.52% 
(Table 4). 
Term Slope Standard Error T-Value p-Value
Constant 0.9817 0.0445 22.06 0.000
Ants -0.691 0.305 -2.26 0.024
Small 
Burrows 0.02483 0.00478 5.19 0.000
Large 
Burrows 0.0555 0.0232 2.39 0.017
Term Coefficient Standard Error T-Value p-Value
Constant 0.3482 0.0121 28.67 0.000
Ants -0.5749 0.0833 -6.90 0.000
Small 
Burrows 0.01150 0.00131 8.81 0.000
Large 
Burrows 0.02247 0.00633 3.55 0.000
DISCUSSION
During the 5-year period in which monitoring took 
place two out of the four variables (large and small 
burrows) displayed a significant increase over 
time. This directional change in burrows implies 
that conditions created by heterospecifics are not 
static and vary on a large enough degree to result 
in significant changes in salamander behaviour over 
time, through intraspecific interactions and provision 
of new habitat (Caceres-Charneco & Ransom, 2010). 
These results, combined with the fact that both 
small and large burrows show a significant positive 
relationship with salamander population and adult-
juvenile ratio (Table 1, Table 2), imply that trends in 
salamander populations over time may not only be 
influenced by abiotic environmental factors such as 
moisture and soil acidity, but also by the presence 
of the biotic components of an ecosystem as well 
(Dillard et al., 2008). However, it is important to 
acknowledge that low R-squared values (0.22-0.25) 
represent a large amount of variation in the data set 
that is not explained by the regression equations, 
and indicate that other factors should be included to 
further explain these observations. This is significant 
in the context of population monitoring and making 
inferences to terrestrial ecosystem health as a whole, 
because a combination of both abiotic and biotic 
ecosystem components should be taken into account 
when examining changes in salamander populations 
and demography. It is also significant because many 
previous studies have cited soil moisture and pH to 
be the two major drivers of salamander population 
but have not included the influences of heterospecific 
burrows and tunneling in their modeling (Farallo, 
2016; Grover, 1998; Sugalski & Claussen, 1997). 
The positive relationship between burrows and 
salamander population (Table 1, Table 2) potentially 
represents the provision of additional ideal habitat as 
burrowing creates access to moist and cool areas to 
retreat to at little energy cost, as well as a predator 
avoidance method as the loosened soil facilitates 
further burrowing (Caceres-Charneco & Ransom, 
2010). This explanation can be further supported 
by the positive relationship between burrows and 
juvenile-adult ratio, because adult RBS have been 
observed to competitively exclude juvenile RBS 
from ideal habitat condition as displays of territorial 
behaviour (Gabor and Jaeger 1995; Jaeger et 
al. 1995; Townsend et al., 1998). However, it is 
important to note that though these burrows facilitate 
the salamanders, there is also potential that the 
species creating the burrows pose a threat. For the 
above statements to be true the threat of exclusion 
or predation would be assumed to be smaller than 
the benefit the salamander gains from inhabiting the 
burrows (Lewis et al., 2014; Lima & Dill, 1990).
The relationship between ants and salamander 
population displays a decreasing trend in population 
numbers with increasing ants, this relationship is 
opposite of what has been expressed within the 
literature (Maglia, 1996). Ants make up a significant 
component of RBS diet and therefore it would be 
expected that an increase in food sources would result 
Table 3: Results of Maximum Salamander Abundance 
Regression Analysis.
Table 4: Results of Adult-juvenile Ratio Regression 
Analysis.
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in an increase in salamander population. However, 
this relationship may show that food sources are not 
a limiting factor in terrestrial forest ecosystems and 
that other factors may be regulating the populations 
ability to grow. 
Acknowledging that changes caused by biotic 
components of the ecosystem result in significant 
trends validates that when analyzing changes in 
salamander populations and demographics, both 
biotic and abiotic factors need to be considered 
to understand the implications that changes in 
salamander population have on the ecosystem. To 
effectively interpret changes in the indicator species 
these variables should be included as this study shows 
that biotic components of the environment can change 
over time and can explain a significant component of 
variation in population and demographics. 
Based on the results of this analysis, a next step is 
to include step-wise multiple regression analysis to 
examine the most influential factors influencing RBS 
demography and abundance, combining analysis of 
abiotic factors known to influence RBS (moisture, 
pH, litter composition) and biotic factors examined 
above, as they have shown to have statistical 
significance in relation to RBS population (Sugalski & 
Claussen, 1997). Investigation of the RBS food-web 
and performing in-situ observations are necessary 
to determine what species are creating tunneling 
and burrows under cover boards. This will allow 
further conclusions to be made regarding which 
intraspecific interactions are influencing changes in 
RBS population and demography. 
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